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1 2 
ulo; thtI yodrs eT' tte coin- wCh«9Y:one'elecr . schrge 
çprlsig-eans: applyg m0ting .lage use, .vhereby agêing çohe.vle-,changes;in 
 to a .heamlïtuef aarier.osln, he supl: v01tages ,»bave ubsanial 
rrangemenbeigsuc tine bse¢e«he 5 the balance of the:modaor. 
.can resse fom theoUtpUtO.-hemou - çabalanced modtr in which he-carrier aBd 
]r. odul atinïn icUîs audthemodutort- 
Aknown«te,of btance'modar.omre ucirci :can hve a*coon ïeàl..i 
wo elecron schre lves, say tfies, the 10 ybennected:eth, tht'is»to heacual 
noes-of tbeïtwo.valvebeg.conne -uh- »earh ora .m è.co-ucçing mari-l.suChs 
pl fashion. In this arrangement e carrier.s- 
cfllaion is aPlied  ,e control elecros.o.e ccoing the presenentio,a«lanoe 
'two«välves»inushpush-nd-themding olt - :modtor mprises nelc.tron OEschargedViCe 
age is appiedothesamecontr01«eterOdes,o.r 15 having a cathode, a primary collecr 
Iuher: eleed,inph«pl. a sendny Oe¢or eleCrode, conrl 
Suh modUlaters .a .sömim e ;i - tree OEor cenrollr;thetl=«curent 
:lehny rmit ers :for the«geainof .side- the two c$1e cr elecroes, n «mr for 
ban wihsuppressed carir. AfurheraIi- olng he çdivisino cent.tween«th wo 
caion is  th conrol .f th amliue o an 20 ol9tor .êlectrodes, eua .for 
osclltaonb me ot a dt.rt,ntl.lte. osfltation  .b mudulate :b¢ween 
ïIn s .case =hen he cntrol.oïges»of .zeo leCtodeandahode;of: hedeve;teilsor 
 ampli.ude is-the contrëlled os¢ilation, »ndn- =alg a 'moduating ltage 
-cese iuh amliudeUfheeonr01=vêtee- fist 1o :edce elemen 'nned othe 
sincresef»heamtitUe.e«onrelte 25 «pry=coector 
oscillation.. t a furher -applicain çis in the noe «ëteme connec 
geeraion.«oE "mar".or "saoe".ruecies n  ..k omecd ween 
l-erh syms emlong cari-hi key» cto.deand eoethode, adnïon rnäl 
ig. 
 uwn anement e  .aierhit . the a, bsence ofhe»madatgo!tgeheamli- 
keyingcpsesa rdioIeqny osctr:an ude f said.scillaçsubstntilly zero. 
eiher ,o twoues.in epndenoe un kng deal, in hich coe he rrycolte¢- 
volages aIie to a requen-cor0IIg de-  leode y be »the anode, çbe :seconda»y 
vicetherëin h ettlaion loer.oEequen 5 °leceltrehesceenid;:aheme 
.is applied  modla  the ro«requ.eny ï- for ;olling he iion :f .curre e 
clllation ïn a blancedmodar i hich $ rsor rid. The :eoerk nead e 
riorequen osciltai :s sd. çne h primaçy col.teçr elctro:«ndçhe cathoe 
of heideband is seleedby al.-n»m- myeone f mayrsan in hemlest 
pledtuçrovide henuuoscfllationsïofmrk" 40 .cemy be otiu 
and «spe" fruencies. ement. 
If «such a.nget oeq.ue.d b«0r - 
.ad .asai ïanfequencs a'll .escibed  ay .of examle ith frence 
uned icui ïin the aaget  aua the accompanying»dwing, in,.whch: 
ganged. Where a number of t.dcue 45 s.EE,.2and«ç3 ehrecalcrcitdiaams 
gangeits oaloveç arrange at 
one terminal of the capir in each circui is n-Fg. 1 :rPenode 
a or near er penil. en own bal- eoeced.to..arth 
anced moulators are emlyed oprsing wo ts anode .connecd thronh a loa.d 
valves conneced as previou!y desibe, the 50 to.th»sietrminal.... 
uned ccui iedite!y associated with the ».hn) of :hh»tension olage 
modular bàloed n.hence :h termals erminl is oenned earh. 
of thcapacirs herein e*at subsantialradio - f .he «val»e is-nneced ec 
tnal. Dulrises inakng ;nal H. 
 blaced uned  cicui ad »he «oeining 55 ..inuçeçminals.L3 onneced.. heeonrolïdf 
icu in çch ._one. terminal .f he aior he valve and earth repectively. 
e principal object uf  resent invention is 



In this arrangement the control grid controls 
the total current flowing in the valve, and the 
division of current between the anode and screen 
grid can be varied by varying the potential of the 
suppressor grid. Assuming that no modulating 
voltage is applied to te suppressor grid and that the carrier is applied fo the control grid, slightly 
more current at the carrier frequency wfll flow 
in the cathode resistor [ [ than in the anode re- 
sistor [2. The catode is connected to the anode 
through a resistor 5 and capacitor [6. The ca- 
pacitor [6 is arranged fo have negligible react- 
ance at the carrier frequency and the resistor 
[5 is arranged to bave a value such that the 
amplitude of current st carrier frequency flowing 
in the resistor [[ from the cathode equals that 
flowing through the resistor [2 from the anode. 
As these currents are in anti-phase cancellation 
takes place and hence there is zero potential var- 
iation at the anode of the valve. Output termi- 
nals [7 are connected therefore to the anode of 
the valve and earth respectively. 
These conditions prevail so long as no po- 
tential variation of the suppressor grid takes 
place. On applying a modulating voltage to the 
suppressor grid the division of current between 
the anode and screen grid is varied in accordance 
with the changes in amplitude and sign of the 
modulating voltage. At all moduiating voltages 
other than zero cancellation of the cathode and 
anode current in the resistor [2 is no longer 
achieved. 
It will be appreciated, therefore, that by suit- 
ably biasing the control and suppressor grids it 
can be arranged that the application of an al- 
ternating voltage to the suppressor grid results 
in the production of sidebands of the carrier, 
the carrier being suppressed. Alternatively it 
may be arranged that a linear variation in the 
amplitude of the carrier arises from a variation 
in the amplitude of a direct control voltage ap- 
plied to the suppressor grid. Itis necessary in 
this case to arrange the bias on the suppressor 
grid tobe such that the variation in the direct 
control voltage takes place over a linear part 
of the curve showing the relationship of anode 
current fo suppressor .grid voltage. 
Where the carrier frequency is low it may be 
diflicuit to eliminate a phase change in the cur- 
rent flowing from the cathode to the anode 
through the network [5, [6. This difliculty may 
be over.come by the use of an arrangement as 
shown in Fig. 2. The capacitor [6 of Fig. 1 is 
divided into two parts [6' and [6" connected as 
.shown to the anode and cathode respectively of 
the valve [0. The resistor [5 is connected be- 
tween the two capacitors and the output term- 
inal [7 previously connected to the anode of 
the valve is connected to a tapping on the resis- 
tor 15 at which balance is obtained in the ab- 
sence of a modulating voltage. 
It will be understood that the peak output 
voltage level of the arrangements shown in Figs. 
1 and 2 must be slightly less than the peak level 
of the carrier applied at the terminals [3 owing 
to the negative feedback provided by the cath.- 
ode resistor [ [. It could be arranged to increase 
the gain of the modulator by applying the car- 
rier directly between the control grid and cath- 
ode of the valve I0 instead of between the con- 
trol grid and earth. In this case, however, the 
inputand output circuits no longer have a com- 
mon terminal. 
V¢here it is desired to maintain balance over 
a rane of :carrier ffequences of high radio 

frequency an arrangement as shown in Fig. 3 
is preferred. The resistor 12 of Figs. 1 and 2 
is replaced by a tuned circuit 18; the resistor 15 
is dispensed with and an additional valve 19 
5 is provided. The valve 19 may be, for example, 
a triode as shown and has its anode, control 
grid and cathode connected to the anode, con- 
trol. grid and cathode respectively of the valve 
10. The anode current of the valve 19 is ar- 
10 ranged tobe equal to the screen current of the 
valve 10 in the absence of a modulating volt- 
age. This may be achidved in any suitable 
manner, for example bY the use of a cathode re- 
sistor 20 of convenient value. The reactance 
15 of the capacitor 16 is, as previously stated, of 
negligible value, and hence the currents flow- 
ing in the circuit 18 flore the anode and cath- 
ode of the valve 10 cancel one another. 
It will be understood that two arrangements 
20 as shown in Figs. 1, 2 or 3 could be arranged 
in push-pull-push-push connection if desired, 
whereby any residual carrier oscillation may 
conveniently be suppressed. In arranging the 
two modulators in this way, the anodes of the 
25 two valves in the modulators respectively, are 
connected in push-pull, the modulation input 
circuits are also arranged in push-pull, and the 
carrier input circuits are arranged in push- 
push. 
80 I claire: 
1. A balanced moduiator comprising an elec- 
tron discharge device having a cathode, a pri- 
mary collector electrode, a secondary collector 
electrode, a control electrode to control the 
85 tal current flowing to the two said collector 
electrodes, and means to control the division of 
said total current between the said collector 
electrodes, a carrier oscillation input terminal 
connected to sald control electrode, a moduiat- 
40 ing voltage input terminal connected to said 
means, a first load impedance element connect- 
ed to said prhnary collector electrode, a second 
load impedance element connected to said 
cathode, a second electron discharge .device 
45 having an anode, a cathode and at least one 
control electrode, a connection between the 
cathodes, and a connection between the control 
electrodes of sald discharge devices,, a connec- 
tion between the primary collector electrode of 
50 the first-named electron dicharge device and the 
anode of said second electron discharge device, 
a capacitor of substantially zero reactance at 
the frequency of said carrier oscillations con- 
nected between the cathode and primary col- 
55 lector electrode of the iirst-named electron dis- 
charge device, and ar output terminal con- 
nected to the primary !col]ector electrode of 
the iirst-named electron discharge device. 
2. A balanced modulator as claimed in claire 
60 L wherein said flrst load impedance element is 
a circuit resonant a /the frequency of said 
carrier oscillation. 
DENNIS OeDON HOLLOWAY. 
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